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FIG. 2: Time-of-ight T
n
between impacts n and n+ 1. The
line is the least-squares t using Eq. (4).
where the pulses corresponding to individual impacts are
easily recognized (only the rst six collisions are shown).
We have used 8-bit resolution in the recording, so that
data values can only go from 0 to 255. The no-signal
value corresponds to 128.
The time intervals T
n
between collisions n and n + 1
were obtained directly through inspection of the ASCII
sound le. They are plotted in Fig. 2 (in logarithmic
scale) as a function of n. The least-squares t of the T
n
data set to Eq. (4) gives
 = 0:9544 0:0002 ; (6a)
T
0
= 0:804 0:001 s : (6b)
The best-t line is also shown in Fig. 2.
The ball was released from a height h = 79:4 0:1 cm
above the surface. Taking this and the adjusted T
0
into
Eq. (5), we obtain for the gravitational acceleration
g = 982 3 cm/s
2
:




The applicability of the method described above de-
pends on  being constant over the range of impact ve-
locities involved in the experiment. That this condition
is satised in the present case is seen in Fig. 3, where

















, see Eq. (2)). The coeÆcients of
restitution for the dierent impacts are all very close to
the least-squares value given in Eq. (6), indicated by the
dashed line in Fig. 3.
A case in which the coeÆcient of restitution depends on
the velocity is shown in Fig. 4, where we display the times
of ight of a superball dropped from h = 27:5 0:1 cm
onto a wood surface. A plot of  at each collision, shown
in Fig. 5, reveals a clear dependence of the coeÆcient
                




































tion of the time-of-ight T
n
, for the data of Fig. 2. The dashed
line indicates the adjusted value given in Eq. (6).
of restitution on the time-of-ight (or impact velocity).




(1 + T ) ; (7)


















= 0:921 0:001 ; (9a)





= 0:4752 0:0005 s : (9c)














FIG. 4: Time-of-ight T
n
between impacts n and n+ 1. The
curve is the least-squares t using Eq. (8).
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, for the data of Fig. 4. The dashed line is the
linear relation of Eq. (7) with the adjusted parameters given
in Eq. (9).
The curves corresponding to these parameters are also
shown in Figs. 4 and 5. The above value for T
0
yields
g = 974 5 cm/s
2
;
again a very reasonable value. Consideration of the veloc-
ity dependence of the coeÆcient of restitution was impor-
tant in order to get an accurate result; had we assumed
a constant , we would obtain g = 935 10 cm/s
2
.
To summarize, we have seen that the value of the grav-
itational acceleration is a useful by-product of experi-
ments devised to \hear" the coeÆcient of restitution of
a bouncing ball. The measurement of g is particularly
simple if the coeÆcient of restitution is independent of
the impact velocity, but more complicated cases can also
be handled.
After this work was completed we learned of a recent
paper by Cavalcante et al.,
5
in which g was measured us-
ing the sound of a bouncing ball. The analysis presented
in the paper is, however, somewhat dierent from ours.
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